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Abstract 
This work focus on the potential applications of magnetic nanoparticles on pollution remediation. We draw attention to the 
chemical design of functionalized magnetic colloids based on tartrate ligands to be used in magnetic separation of heavy metals 
from wastewater. Coupling the speciation diagrams of nanoferrites particles surface with that of the tartaric acid, it was possible 
to provide a theoretical prediction of the optimal pH for particle surface ± ligand complexation. Finally, from an electrochemical 
approach based on simultaneous potentiometric and conductimetric titrations it was possible to determine the saturation value of 
the surface charge density of the functionalized nanoparticles and its pH dependence. 
Keywords: magnetic nanoparticles; environmental applications; surface charge density  
1. Introduction 
Currently, nanotechnologies have been played a very important role in recent efforts for pollution remediation in 
systems contaminated with hazardous substances [1]. In the case of magnetic nanosized particles, the procedure of 
magnetic filtration has been used as an interesting tool concerning the process of heavy metal removal from water 
[2]. However, since most of these pollutants are not magnetic, it is necessary to develop nanostructured filtration 
aids to adsorb them allowing their magnetic separation. These magnetic nanosorbents have been prepared through 
nanoparticle functionalization with polyelectrolyte ligands for example humic acids and dimercaptosuccinic acid 
(DMSA) which present chemical affinity with the nanoparticle surface as well as with the toxic contaminants [3].  
Our group has been working with magnetic colloids based on ferrite nanoparticles dispersed in aqueous medium, 
known as Electric Double Layered Magnetic Fluids (EDL-MF) [4]. Recently [5], we used electrochemical 
measurements to point out that the EDL-MF system behaves as a mixture of acids: a strong one related to the bulk 
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dispersion and a weak diprotic acid associated to the particle surface which can be functionalized with several 
chemical groups. Moreover, in the framework of the Two-pK Model, it has been possible to determine both the 
molar ratio of the nanoparticle surface sites as a function of the pH and the saturation value of the surface charge 
density. In this way, the intrinsic magnetic behavior of the EDL-MF nanoparticles and their reactive surface make 
them particularly attractive as precursors for synthesis and design of magnetic nanosorbents for environmental 
applications. Among the numerous types of chemical ligands of potential interest, the tartrate form remarkably 
stable chelates with many heavy metal ions in solution [6] and provides a colloidal stability domain in pH region 
characteristic of the wastewater samples [7]. 
The main goal of this work is to explore the particle surface-ligand complexation in order to propose an 
experimental procedure to develop and characterize a new type of magnetic nanosorbent for potential environmental 
applications composed by EDL-MF nanoparticles functionalized with tartrate. By using our experimental 
electrochemical approach, we first obtain the pH dependence of the surface charge density for an EDL-MF based on 
cobalt ferrite nanoparticles. Then, the speciation diagram for the surface sites is coupled with that of tartrate ions to 
analyze the mechanism of surface complexation. Finally, we determine the pH-dependence of the charged surface 
sites concentration for the functionalized nanoparticles to investigate their surface charging process. 
2. Experimental 
2.1. Sample preparation and characterization 
The magnetic colloid precursor sample is synthesized by following the procedures described elsewhere [8]. In a 
first step, it is performed a hydrothermal coprecipitation of aqueous solutions of CoCl2-FeCl3, in alkaline medium. 
Next, the precipitated is washed and hydrothermally treated with a solution of Fe(NO3)3 in order to avoid the 
particle dissolution in acid medium. Then the particles are conveniently peptized in acidic medium by adjustment of 
the ionic strength. The synthesis of tartrate-functional nanoparticles is carried out by stirring the diluted nanocolloid 
sample with aqueous tartaric acid solution with controlled pH. 
The size determination and the structural characterization were investigated by room temperature X-rays powder 
diffraction (XRD) performed at the Brazilian Synchrotron source (Laboratório Nacional de Luz Síncrotron - LNLS). 
The mean crystal size dXR was deduced by means of the Scherrer formula which provided dXR = 14.3 nm. 
2.2. Determination of the structural surface charge density 
In order to determine the structural surface charge of the EDL-MF nanoparticles we have performed 
simultaneously potentiometric-conductimetric titrations [5] of 40 mL of a magnetic colloid sample (volume fraction 
I = 1.5 %), under CO2-free atmosphere and using sodium hydroxide as titrant. The same procedure was applied to 
determine the structural surface charge density of the tartrate-functional nanoparticles. 
3. Results and discussion 
We plotted in Fig. 1 the coupled speciation diagrams of particle surface and tartaric acid to explore the surface 
complexation process. According to the Two-pK Model, the charge density of the EDL-MF is provided by a proton 
transfer mechanism between the bulk dispersion and the particle surface [5]. The concentration of the charged 
surface sites ({MOH2+, {MOH and {MO-, where M is the metal of the spinel type nanoparticles) is pH-dependent as 
well as the concentration of the tartaric acid (H2L) and its ionized species (abbreviated as HL
- and L2-).  
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Fig. 1. Coupled speciation diagrams of nanoparticles surface sites and tartaric acid. The pK values of the surface sites were obtained from the 
electrochemical measurements while for the tartaric acid it was used tabled values. 
As it shown, in alkaline medium, both nanoparticles and tartrate ligands are negatively charged and no 
complexation would occur. From these considerations, one can readily conclude that the optimal pH range for coat 
the magnetic nanoparticles with tartrate is around 3.0, where the concentration of the hydrogen-tartrate ligands and 
the positively charged surface sites is close to its maximum value. These theoretical predictions are in good 
agreement with experimental results involving the synthesis of tartrate-functional maguemite nanoparticles used in 
magnetic carriers elaboration and biomedical applications [7]. Based on free metal ion complexation, the most 
probable surface reaction can be written as: 
 
.22 OHMLHHLMOH {{
  
 
In the typical pH range of the wastewater effluents (5 < pH < 8) [9], the stability of the magnetic colloid and its 
potential environmental applications is obtained through the {ML- species, which ensures the charge.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Potentiometric-conductimetric titration curve of the tartrate-functional nanocolloid. EP1, EP2 and EP3 are the equivalence points. 
Fig. 2 exhibits the titration curve for the nanocolloid based on tartrate-functional nanoparticles. As it can be seen, 
the curve reveals three different regions defined by the equivalence points. The first region corresponds to the 
OH- free ions neutralization in the bulk dispersion and the third one is related to the titrant excess. The second 
region is associated to the functionalized particle surface (F-MF) and the free tartrate ions. The concentration of the 
latter was obtained from a calibration curve method. 
 
 
0 10 20 30
0
2
4
6
8
10
12
14
0
2
4
6
8
10
12
14
EP
3
  F-MF
Surface
2c2b
 
Strong acid 
excess
EP
2
 pH
  K (mS.cm
-1
)
 K
 (
m
S
.c
m
-1
)
p
H
Titrant volume
EP
1
Strong
Base
  Free Tartrate
   pK2      pK1
1 2a 3
A.F.C. Campos et al. / Physics Procedia 9 (2010) 45–48 47
 A. F. C. Campos/ Physics Procedia 00 (2010) 000±000 
 
2 4 6 8 10 12
0.0
0.1
0.2
0.3
0.4
 
V 
C
 m
-2
)
 
 
pH
 
Fig. 3. pH dependence of the surface charge density for the tartrate-functional nanocolloid. 
Fig. 3 depicts the pH dependence of structural surface charge density of the tartrate-functional nanoparticles (V0) 
calculated according to reference 5. In this case, as the complexed-surface behaves as a monofunctional Brönsted 
base, it was used the One-pK Model. For pH < 8, V0 tends to zero and therefore the nanocolloidal system is not 
longer stable. For pH > 10.8, the surface charge density reaches its maximum value (V0SAT ) and the nanoparticle 
surface becomes saturated. The results were found V0SAT = 0.35 C m-2 and pK = 9.49 in excellent agreement with 
reported values [10]. 
4. Conclusion 
This work addressed the elaboration and the colloidal characterization of tartrate-functional magnetic 
nanoparticles which can be used as promising nanosorbents to remove toxic metals from wastewaters by magnetic 
separation. In this context, electrochemical measurements have been proved to be a powerful tool allowing not only 
a theoretical prediction of the optimal pH for ligand-surface complexation but also the determination of pH-
dependent surface charge density of the functionalized nanoparticles leading to important progresses on magnetic 
nanosorbents elaboration. 
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